Abstract
Mortality among adults hospitalized with community-acquired pneumonia (CAP) ranges from 6% to 14% (1) . Advanced age and comorbidity are associated with increased mortality in these patients (2) (3) (4) . Given the hyperglycemia, decreased immunity, impaired lung function, and chronic complications, such as renal failure, heart disease, and pulmonary microangiopathy associated with diabetes (5), it is plausible that diabetes may predict increased severity of pneumonia. However, results of recent observational studies and a meta-analysis of pneumoniarelated mortality, based on pre-1996 research, were inconsistent (6) (7) (8) (9) (10) . The discrepancies could stem from the use of clinic-based cohorts, confounding, or incomplete followup. Better diagnostic surveillance of diabetic patients may result in lower-than-expected mortality from pneumonia. Most studies lack data on pneumonia severity at hospitalization in diabetic vs. non-diabetic patients (6, (8) (9) (10) , whereas claims that diabetic pneumonia patients have an increased risk of developing bacteremia (5, 11) are questionable because data on availability of blood cultures are often absent. Evidence regarding pulmonary complications in diabetic patients with pneumonia is scant (5, 7) , as are data on prognostic value of acute hyperglycemia for diabetic patients with pneumonia (10) .
As prevalences of diabetes (12) and pneumonia-related hospitalizations increase in the ageing Western populations (4, 13) , accurate data are needed to understand the clinical course and potentially prevent pneumonia-related deaths. We examined the impact of type 2 diabetes on mortality, pulmonary complications, and bacteremia among patients hospitalized with pneumonia. We also assessed the prognostic value of acute hyperglycemia at admission.
Research Design and Methods

Setting and study population
We conducted this population-based cohort study in the Danish counties of North Jutland and Aarhus, with mixed rural/urban population of approximately 1.15 million. The cohort consisted of all adult patients with a first-time hospital discharge diagnosis of pneumonia recorded in population-based medical databases between January 1, 1997 and December 31, 2004 . The Danish National Health Service provides universal tax-supported health care, including free access to primary and hospital care, and reimbursement of most prescription medication costs (14) . Since 1968, all Danish residents carry a unique civil registration number, encoding sex and birth date, which is used in all health databases and permits unambiguous record linkage among them.
Patients hospitalized with pneumonia
Hospital discharge databases in Aarhus and North Jutland counties record all hospitalizations since 1977, including dates of admission and discharge, and up to 20 discharge diagnoses, coded by physicians according to the International Classification of Diseases (10 th revision (ICD-10) during the study period; ICD-8, earlier). We identified all adult (aged ≥ 15 years) patients with the following first-time discharge diagnoses: pneumonia (J12.x-J18.x), legionellosis (A481.x.) and ornithosis (A709.x) (4). We excluded patients who lived in the counties less than one year before the admission date (n = 1,281). Our study cohort thus comprised 29,900 patients with pneumonia, including 99 with legionellosis and 14 with ornithosis. We were able to assess pneumonia severity among the North Jutland County patients (n = 13,574) through linkage with a laboratory database, which stores records on all specimens sent by hospitals and practitioners, including the exact time of blood sample collection. Laboratory data were unavailable for the Aarhus County subcohort. We obtained the first laboratory results available on the admission day or the following day.
Data on diabetes
Patients with diabetes were identified using combined discharge and prescription records. The prescription database tracks all filled prescriptions for the reimbursed drugs dispensed by all pharmacies in the counties (15) . Diabetes was defined as present in patients with at least one prescription for insulin or an oral anti-diabetic drug, and/or with a discharge diagnosis of type 1 or 2 diabetes (ICD-8 codes 249-250 and ICD-10 codes E10-E11) pre-dating the pneumonia admission. This definition was shown to have predictive value of 97% (16) . Cases of diabetes were classified as type 1 (diagnosed before age 30 years, mono-therapy with insulin, and no history of oral anti-diabetics) or type 2 (remaining diabetes patients).
Data on hyperglycemia at admission Glucose levels at admission or on the following day were available for 10,414 out of 13,574 patients (77%) in the North Jutland cohort. We a priori defined glucose level categories of ≤ 6.10 mmol/L, 6.11-11.00 mmol/L, 11.01-13.99 mmol/L and ≥ 14.00 mmol/L (10).
Confounding factors
We obtained data on comorbidity and other covariates from the hospital and prescription databases. From all available discharge diagnoses, except diabetes, we computed for each patient the Charlson comorbidity index score (17) , defining three comorbidity levels as low (score of 0), medium (1-2), and high (≥ 3) (18) . We also ascertained conditions not included in the Charlson index: history of alcoholism-related disorders (ICD-8 codes 291, 303, 979, 980, 577.10; ICD-10 codes F10, K86.0, Z72.1, R78.0, T51, K29.2, G62.1, G72.1, G31.2); history of obesity (ICD-8 code 277.99, ICD-10 code E65.x and E66.x); use of immunosuppressants within the year before the pneumonia admission (ATCcodes L01, L04, H02 AB); and use of systemic antibiotics within 90 days before admission (ATC-code J01).
Pneumonia outcome
The main endpoint, defined a priori, was death from any cause within 30 and 90 days following the admission date. Most pneumonia-related deaths occur within 30 days of admission (19) . Death within 90 days could be due to pneumonia sequelae following the initial illness (3). We ascertained mortality from the Danish Civil Registration System (20) , and pulmonary complications by tracing all discharge diagnoses documented for the index hospitalization or, if a patient was discharged before day 30, until 30 days post-admission. We defined pulmonary complications as effusion (J90.9, J91.9), empyema (J86.x.), lung abscess (J 85.x), or adult respiratory distress syndrome (ARDS) (J80.9) (1).
In the North Jutland cohort, we identified all pneumonia patients with at least one blood culture and at least one episode of bacteremia occurring during the hospitalization for pneumonia or within 30 days following the admission date. This was done through linkage to the County Bacteremia Research Database (21) , which stores prospectively collected data on all blood cultures, as well as bacteriological and clinical data on all bacteremia episodes from 1997 through 2003. We considered only the first episode of bacteremia during the hospitalization for pneumonia.
Statistical analysis Type 2 diabetes and mortality
Follow-up extended for 90 days post-admission, until death or migration, whichever came first. We constructed survival curves and computed cumulative mortality by comorbidity level. To compare mortality according to the type 2 diabetes status, we used Cox's regression to estimate 30-and 90-day MRRs while controlling for sex, age (in categories 15-39, 40-64, 65-79, ≥80 years), level of comorbidity, history of alcoholism-related disorders, and pre-admission use of antibiotics or immunosuppressants. Analyses were conducted with and without the obesity variable. We also adjusted for individual diseases, by first computing the relative mortality rates associated with different disease categories in the Charlson index, and then substituting log-transformed weights, based on these individual rates, for the Charlson index score levels in the mortality analysis. Patients with diabetes may have a higher risk of hospital-acquired pneumonia (HAP) than non-diabetic patients. As we were not able to clearly discriminate between CAP and HAP, we computed 30-day MRRs for type 2 diabetes separately for patients with pneumonia listed as the primary discharge diagnosis and for patients with pneumonia listed as a secondary discharge diagnosis (13) . To examine how much of the apparent effect of diabetes was caused by hyperglycemia, we included admission glucose level in the model for the North Jutland subcohort, both as a categorical and as a continuous variable.
Type 2 diabetes, pulmonary complications and bacteremia
We used logistic regression to estimate adjusted relative risk for pulmonary complications and bacteremia following pneumonia in patients with type 2 diabetes vs. patients without diabetes.
Admission hyperglycemia and mortality
Among pneumonia patients in the North Jutland subcohort, we computed 30-and 90-day MRRs for different glucose level categories, using Cox's regression and controlling for the confounders. We analyzed data with SAS software (Version 9.1.3; SAS Institute, Cary, NC). Danish Registry Board approved the study (record no. 2006-41-6226).
Results
Descriptive data
Of the 29,900 adult patients with pneumonia, 2,931 (9.8%) had type 2 diabetes. Only 92 (0.3%) patients had type 1 diabetes and were excluded. Table 1 provides descriptive data. The median age was 75 years among the diabetic patients and 73 years among the nondiabetic patients. As expected, patients with type 2 diabetes (hereafter, "diabetes") were more likely to have congestive heart failure, history of myocardial infarction, peripheral vascular disease, cerebrovascular disease, renal disease, and obesity (which was likely underreported). The median duration of hospital stay was 7 days and did not differ by diabetic status. In the North Jutland subcohort, patients with diabetes had higher median levels of urea nitrogen, creatinine, and glucose, but nearly the same levels of Creactive protein, leukocyte counts, and PaO 2 at admission, compared with the non-diabetic patients.
Type 2 diabetes and mortality
Mortality among diabetic patients was 19.9% vs. 15.1% among other patients after 30 days (mortality difference 4.8%, 95% CI 3.3%-6.3%) and 27.0% vs. 21.6% after 90 days (mortality difference 5.3%, 95% CI 3.7%-7.0%). Patients with diabetes had higher cumulative mortality, independent of comorbidity ( Figure 1 ). Adjusted 30-day and 90-day MRRs for diabetic pneumonia patients were 1.16 (95% CI 1.07-1.27) and 1.10 (95% CI 1.02-1.18), compared with non-diabetic pneumonia patients (Table 2) . Further adjustment for obesity yielded virtually identical 30-and 90-day MRRs (1.18 (95% CI 1.08-1.29) and 1.12 (95% CI 1.04-1.20)), as did adjustment for individual disease categories in lieu of Charlson index score levels (1.17 and 1.11, respectively).
Patients with type 2 diabetes were slightly more likely than other pneumonia patients to have pneumonia listed as a non-primary discharge diagnosis (40.5% vs. 35.8%). The adjusted 30-day MRR was 1.18 (95% CI 1.05-1.34) for diabetic patients with pneumonia listed as a secondary discharge diagnosis and 1.13 (95% CI 1.00-1.27) for those with pneumonia listed as the primary discharge diagnosis.
In the North Jutland cohort, the prognostic impact of type 2 diabetes was slightly lower than in the overall cohort, and the association between diabetes and mortality vanished after adjustment for confounding (30- 
Hyperglycemia at admission and mortality
Ninety percent of diabetic and 71% of nondiabetic patients in the North Jutland subcohort had blood glucose values measured at admission or on the following day. Among patients without diabetes, the 30-day mortality increased from 13.9% at glucose values ≤ 6 mmol/L to 26.1% at glucose values ≥ 14 mmol/L (Table 3) . Hyperglycemia was also associated with increased mortality in patients with diabetes, but the association was restricted to those with admission glucose values of > 11 mmol/L. In the adjusted analyses, high glucose level at admission remained a strong predictor of death among patients with diabetes, but more so in those without diagnosed diabetes: adjusted 30-day MRRs for glucose levels ≥ 14 mmol/L were 1.46 (95% CI 1.01-2.12) and 1.91 (95% CI 1.40-2.61), respectively. When we included admission glucose values as a continuous variable, each 1-mmol/L increase augmented the mortality rate among all patients by 3.3% after 30 days and by 2.1% after 90 days. For the diabetic patients, the respective increases were 3.2% and 1.8%, and for other patients, 4.1% and 3.0%. However, the linear model did not fit the data well, with both very low and high glucose levels associated with increased mortality.
Conclusions
In this population-based cohort study, type 2 diabetes was a clear marker of increased mortality from pneumonia, although this was largely explained by differences in patient age and comorbidity. The relative mortality increase conferred by type 2 diabetes appeared to be the highest in the early phase of infection but persisted for at least 90 days. Type 2 diabetes did not predict pulmonary complications or bacteremia. Admission glucose levels of more than 11 mmol/L in type 2 diabetic patients and of more than 6 mmol/L in other patients predicted increased mortality.
In a Canadian study of 2,471 patients with CAP, including 401 patients with diabetes, McAlister et al. found that a diabetes history did not predict in-hospital mortality (10) . They did find hyperglycemia on admission to be associated with a poor prognosis for both diabetic and nondiabetic patients with CAP, which corroborates our findings. Based on 623,718 US patients aged over 65 years and hospitalized for CAP, Kaplan et al. reported no association between in-hospital mortality and diabetes: adjusted RR 0.96 (95% CI 0.93-0.99) (9) . The patients with diabetes were identified from hospital records thus excluding diabetic patients who were never hospitalized. The 1996 meta-analysis of CAP prognosis by Fine et al. put a relative mortality at 1.3 (95% CI 1.1-1.5) for diabetic compared with non-diabetic patients (8) . The results of this analysis, which did not adjust for confounding, are similar to the crude 30-day MRR in our study. A recent Spanish study of 660 patients with CAP found that diabetes was associated with markedly increased 30-day mortality (adjusted RR 2.14 (95% CI 1.09-4.19)) (7). However, this study relied upon a selected cohort of diabetic patients hospitalized at a university hospital, who were likely to have greater disease severity compared with patients in our population-based cohort.
Our study's strengths include its large size, population-based design, adjustment for important confounders, complete follow-up for mortality, and detailed information on blood chemistry and bacteremia in one of the study regions. Use of routinely recorded health care data, collected independently of the study hypothesis, reduced the risk of information bias.
One of the most important limitations is the possibility of surveillance bias, as physicians could be more likely to hospitalize diabetic patients with infection. Such bias, inevitable in observational studies on this topic, would cause underestimation of the diabetes-related mortality. However, given comparable preadmission use of antibiotics, similar levels of inflammatory parameters, and similar proportions of patients with at least one blood culture among diabetic and non-diabetic patients all speak against a severe bias.
The validity of our estimates depends on the accuracy of pneumonia and diabetes records. Despite inevitable coding errors, the estimated predictive value of a discharge diagnosis of pneumonia in Denmark is 90% (4). Some type 2 diabetic patients could be missed if they had not been hospitalized or treated with anti-diabetic drugs, causing mortality under-estimation. However, if patients identified with type 2 diabetes had greater-thanaverage disease severity, mortality would be over-estimated. Still, it has been shown that 89% of known diabetes patients in Denmark could be identified by combining discharge diagnoses records with prescription data (22) .
Because admission diagnoses were unavailable in our database, we could not discriminate between CAP and HAP. The crude mortality rates from HAP range from 30% to as high as 70% (23). A recent Danish study showed that only 13% of pneumonia episodes in the hospital discharge database from North Jutland County were hospital-acquired (4). If patients with diabetes were relatively more susceptible to HAP due to more frequent hospitalizations, failure to discriminate between CAP and HAP could partly explain the greater diabetes-related mortality found in our study compared with the study by Kaplan et al. (9) . However, similarly increased mortality associated with type 2 diabetes was observed regardless of pneumonia being listed as the primary discharge diagnosis. Lack of data precluded adjustment for pneumococcal and influenza vaccinations, which have been associated with reduced mortality among patients hospitalized with pneumonia (24, 25) . Even if patients with type 2 diabetes were vaccinated at higher rates than others, this would lead to underestimation of the relative mortality associated with diabetes and therefore would not alter our conclusions.
Biological mechanisms underlying increased mortality among diabetic patients hospitalized for pneumonia may include decreased leukocyte function and harmful effects of hyperglycemia (5, 10, 26) . In fact, after controlling for admission glucose level in the subset of patients with available glucose measurements, type 2 diabetes no longer predicted increased mortality following pneumonia and even tended to be associated with improved prognosis. However, the estimates from the regression model are difficult to interpret for several reasons. First, it is conceptually difficult to separate blood glucose levels from diabetes, since hyperglycemia is included in the definition of diabetes. Second, MRR estimates associated with diabetes were lower in the North Jutland subcohort than in the total cohort. This may be due to chance, increased surveillance of diabetic patients in this region, or demographic differences (e.g., pneumonia patients in this region were older and had more comorbidities, and thus were more likely to die regardless of diabetes).
Still, our analysis suggests that much of the increased mortality associated with type 2 diabetes is mediated through the glucose level. The impact of hyperglycemia on mortality was lower among patients with type 2 diabetes than in other patients. In nondiabetic patients hyperglycemia could signal physiological stress and thus, greater pneumonia severity (27) . Furthermore, some non-diabetic patients with hyperglycemia could have undiagnosed and therefore untreated diabetes (27) , experiencing a poor outcome following pneumonia. By contrast, in diabetic patients, hyperglycemia could be due to poorly controlled diabetes, stress, or both, since we did not know their baseline concentration of glucose (28) . In addition, patients with type 2 diabetes might be more likely to receive insulin for hyperglycemia (28) during pneumonia-related hospitalization, thus improving outcome among critically ill patients (29). Hyperglycemia can cause intracellular and extracellular dehydration, electrolyte abnormalities and depressed immunity (27) . Furthermore, impaired lung function and pulmonary microangiopathy have been observed among diabetic patients (5) . The elevated mortality we observed in diabetic patients did not appear to be mediated through more pulmonary complications. Rather, patients with diabetes had more underlying renal disease and considerably higher levels of urea nitrogen and creatinine at the time of admission. Urea nitrogen level on admission predicts CAP outcome and is included in prognosis prediction rules such as the PSI score (26).
We did not observe an elevated risk of bacteremia in diabetic pneumonia patients. In the subgroup of bacteremic pneumonia patients, mortality ratio estimates for those with diabetes indicated protective effect, confirming previous findings for diabetic patients with pneumococcal bacteremia (30) . It has been suggested that diabetic patients with sepsis may be protected from severe complications, such as ARDS, via a less active inflammatory cascade (30, 31) . However, we observed, though based on little data, that diabetic pneumonia patients were more likely to have a record of ARDS.
In conclusion, patients with type 2 diabetes have an increased risk of death associated with pneumonia hospitalization. Risk of hyperglycemia at admission was increased among the diabetic patients, while high glucose levels were associated with increased mortality in all patients. Our results showed that glucose on admission is a very important clinical indicator among patients with pneumonia. Our results also suggest that current hospitalization routines and surveillance during and after pneumonia-related hospitalization of patients with type 2 diabetes could be improved. 
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